INTRODUCTION
Mental illness is a growing problem worldwide. 1 Genetic relatedness has been reported to be a determinant of mental disorders among family members. 2 3 Nevertheless, recent studies have reported the aggregation of mental disorders in couples who did not share genetic factors. A study revealed that depression is likely (OR=2.08) to occur in both married partners if either of them experienced depression. 4 A longitudinal study further indicated that somatic and psychiatric morbidity of one partner could affect the psychiatric condition of the other married partner. 5 Based on the existing literature, concordance of specific mental disorders in couples includes depression, [4] [5] [6] anxiety 7 and substance abuse. [8] [9] [10] However, inconclusive and incomplete findings still exist among related research. Furthermore, existing concordance studies either aimed at a certain disorder or examined a relatively small number of associated factors. Hence, determining concordance for the category of mental disorders among couples out of a complete spectrum of mental disorders by using comprehensive factors is highly demanding.
Previous studies have explained the phenomenon of spousal concordance of diseases by using 'assortative mating' and 'cohabitation effects'. [11] [12] [13] Assortative mating refers to the tendency of mate selection depending on the similarity of individual characteristics, including values and personality traits. Cohabitation effects explicate the significance of common household environmental influences, including the sharing of numerous aspects of lifestyle, after marriage. In addition, because marital relationship is reciprocal and interdependent, concordance of mental disorders in couples can be further explained by 'emotional contagion'. 14 Marriage is an imperative resource during stress. 15 Accordingly, the emotional state of a spouse bidirectionally influences that of the partner. 16 Mutual experience of stress can delineate the resembling depression symptomatology between both spouses. In particular, higher levels of depression in husbands could predict the subsequent exacerbation of depressive symptoms in wives. 17 Furthermore, emotional similarity induced by the sharing of stressors and emotional support could unravel the phenomenon of mental illness transmission from one spouse to other spouse. 18 The theory of emotional contagion was primarily applied to depict the concordance of depression in couples. 16 19 However, it is conceivable that the initial similarity between both spouses in individual characteristics from the time of mate selection can expand to subsequently gradual conformity in health behaviours. [20] [21] [22] Affect and behaviour similarities could potentially lead to even an exposure to various types of disorders, other than depression, under the effects of durable cohabitation in the common ecological system, which involves family and work environment as the microsystem and mesosystem, respectively. 23 Therefore, the current research extended the concordance of depression to a hypothetical concordance of other categories of mental disorders, including anxiety and others, on the basis of assortative mating, cohabitation effects and emotional contagion jointly.
For examining the effect of one mentally ill spouse on the other spouse, previous studies have adopted gender and age as two major related factors. 4 5 14 24 A higher risk of mental disorders has been typically associated with women and old ages. 4 5 Low household income has been closely tied to high psychiatric morbidity. 25 In addition, research has indicated that the presence of physical diseases such as diabetes and cancer was associated with the risk of mental disorders. 26 27 Therefore, comorbidity in each spouse was considered a factor associated with the occurrence of mental disorders. Moreover, a marked discrepancy in prevalence rates of mental disorders, including depression, anxiety and substance abuse, was present across various occupations. [28] [29] [30] [31] Environmental characteristics might be associated with the occurrence of mental diseases. 8 23 However, the findings remained inconsistent. The association between the characteristics of geography where the family was located and the occurrence of mental disorders substantiates the need for investigation.
Scarce data have reported the concordant categories of mental disorders; therefore, this study investigated spousal concordance of the category of physician-diagnosed mental disorders by using all potential associated factors of mental disorders addressed in previous studies. Hence, the concordance of mental disorders in couples could be fully determined.
METHODS

Hypothesis and research design
This study hypothesised that, after controlling for the effects of related factors including individual and shared characteristics, the category of mental disorders diagnosed in one spouse is associated with that diagnosed in the other spouse. This hypothesis of categorical concordance was tested in a longitudinal population-based case-control design, analysing nationwide data of married couples in Taiwan. The study was approved by the institutional review board at China Medical University Hospital, Taiwan.
Data source and study sample
The National Health Insurance (NHI) programme, launched in 1995, provides comprehensive healthcare to more than 99.7% of the residents in Taiwan (N=23.50 million). This retrospective study employed the 2002-2013 National Health Insurance Research Database (NHIRD), which includes data for one million randomly sampled beneficiaries and thus entirely represents all enrolees in Taiwan. The NHIRD is maintained by Taiwan's National Health Research Institutes and records all original medical claims under the universal NHI programme.
The couple could be identified from the NHIRD only under the condition of one spouse enrolling being a health insurance insured with a certain occupation and the other spouse being a dependent of this insured spouse. In addition, to ascertain the initial diagnosis of mental disorders, patients diagnosed with mental disorders (International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM): 290.x-319.x) in 2002 were excluded from the study. This study sought to retrieve all the identifiable couples. Accordingly, a total of 5643 married couples (5643 insured and dependent spouses) were identified for further analysis. To increase the strength of inference, the case group (couples) was matched by gender, age and comorbidity with the control group (non-couples) through 1:1 propensity score matching (PSM). This procedure was performed twice because there are two members in one couple (dual PSM). The results indicated that the couples and the noncouples were not significantly different in the three propensity score-matched variables (all p=1), indicating that the two groups qualified for comparison. Consequently, 5643 couples and 5643 non-couples were eligible for subsequent analysis.
Variables
The category of mental disorders among dependent spouses served as the outcome variable that was categorically defined in this study. The category of mental disorders among insured and dependent spouses, with the former functioning as a major independent variable, both identically included affective disorders, anxiety disorders and other mental disorders, as addressed by previous studies. On the theoretical basis of emotional contagion and affect similarity, all affective disorders were applied, instead of merely depression. The categorisation of affective disorders involved any of the following ICD-9-CM codes: 296.0x, 296.2x, 296.3x, 296.4x, 296.5x, 296.6x, 296.7, 296.8x, 296.9x, 300.4, 301.13, 309.0, 309.1 and 311. The coding for anxiety disorders in this study included 300.0x, 300.2x, 300.3, 308.x and 309.81. The remaining 290.x-319.x diagnoses other than affective disorders and anxiety disorders were classified as other mental disorders. Mental disorders of low incidence, such as substance abuse, were merged into the category of 'other' to avoid unstable statistical estimations engendered by low frequency. Spouses were possibly not diagnosed with any mental disease throughout the observation period. Therefore, no mental disorders were added as one status category in the variables. Concordance in this study was defined as a clinical state in which insured and dependent spouses were diagnosed with any of the same category of mental disorders, including affective, anxiety and other mental disorders; otherwise, discordance or no concordance would be reported.
As the aforementioned studies indicated reciprocity of marital relationship in one common environment, the present research grouped the following independent variables that might be associated with the occurrence of mental disorder into three categories. (1) Insured spouse characteristics including category of mental disorders; (2) dependent spouse characteristics; (3) shared ecological characteristics. Age did not pass a normality test and thus was transformed into five ordinal levels according to the frequency distribution. Occupation, premium-based monthly salary, catastrophic illness and injury, and region were defined from the official classifications of the NHI programme. Since, Taiwan allows only opposite-sex marriage, only the gender of the dependent was adopted to eliminate predictable collinearity. Comorbidity was calculated using the Charlson Comorbidity Index (CCI), 32 a frequently used measure in clinical research. After original scoring from 0 to 6 by weighting ICD-9-CM codes for each patient, this study classified comorbidity into 0 (without comorbidity) and 1 (with comorbidity) because of the low-frequency distribution in CCI scores higher than 1. Urbanisation level was assessed using a 5-level scale, with levels 1 and 5 indicating the highest and lowest urbanisation levels, respectively. All the 13 independent variables were measured on a categorical or ordinal level.
Data analysis
Statistical methods included the χ 2 test and multinomial logistic regression. The χ 2 test examined bivariate associations, with the observation values of prevalence reported. Since the outcome variable comprised four categories, namely affective disorders, anxiety disorders, other mental disorders and no mental disorders, multinomial logistic regression was used, instead of the commonly used binomial logistic regression that analyses a dichotomous outcome variable. Multinomial logistic regression was used for multivariate analysis, with all other covariates held constant. Since the case group was matched to compare with the control group through dual PSM, no further variables besides couple status were used in the couple-level analysis. Moreover, this study conducted collinearity diagnostics using indices including variance inflation and tolerance to detect any potentially high interrelation of characteristics between two spouses of one household. The unit of analysis in this study was primarily one individual. However, the one pair of couple or non-couple was used as the unit of analysis in the case-control analysis for concordant mental disorders. All tests were two sided and performed on an α value of 0.05. Data were analysed using SAS V.9.4, SAS Institute, Cary, North Carolina, USA. Table 1 presents the descriptive statistics of the study couples. The majority of the insured spouses were without any mental disorders (60.32%). Mental disorders of the insured spouses, ranked by the prevalence rate, included anxiety, other and affective disorders (21.21%, 15.79% and 2.68%, respectively). Most of the dependent spouses did not receive a mental disorder diagnosis (57.24%). The prevalence rates of anxiety, other and affective disorders among the dependents were 24.99%, 14.42% and 3.35%, respectively.
RESULTS
The χ 2 test revealed that, among the 13 independent variables, 11 were significantly associated with the category of mental disorders among the dependent spouses, including the category of mental disorders among the insured spouses (all p<0.01) (table 2). Detailed results of the two major variables showed that no mental disorders of the insured spouses were significantly associated with no mental disorders of the dependent spouses (62.22%); affective disorders in the insured spouses were significantly associated with affective disorders in the dependent spouses (7.28%); anxiety disorders in the insured spouses were significantly associated with anxiety disorders in dependent spouses (32.83%); and other mental disorders of the insured spouses were significantly associated with other mental disorders of the dependent spouses (19.98%). The highlighted areas in table 2 indicate this tendency of categorical concordance. In addition, the percentage of insured and dependent spouses, both not diagnosed with any mental disorders was 37.53% (aggregation of no mental disorders, data not shown in the table). Considering any psychiatric disorders, the prevalence rate of the aggregation of mental disorders in the couples The multinomial logistic regression used no mental disorders as a referent of the outcome variable for all multivariate analyses. After adjustment for all other covariates, seven variables were significantly associated with the category of mental disorders among dependent spouses (table 3, all p<0.05). The highlighted cells in table 3 present the highest adjusted ORs and lowest p values in each of the three vertical columns of a certain disorder category in dependent spouses that was significantly associated with a concordant category in the insured spouses (all p<0.01). Specifically, compared with no mental disorders, when the insured spouses were diagnosed with affective disorders, the dependent spouses were significantly more likely to be diagnosed with affective disorders (OR=2.914, 95% CI 1.484 to 5.722, p=0.0019); the insured and dependent spouses were significantly more likely to be concordantly diagnosed with anxiety disorders when the insured spouses were diagnosed with anxiety (OR=1.776, 95% CI 1.505 to 2.096, p<0.0001); when the insured spouses were diagnosed with other mental disorders, the odds of both spouses being diagnosed with other mental disorders were significantly higher (OR=1.727, 95% CI 1.397 to 2.134, p<0.0001). Other factors significantly associated with the category of mental disorders among the dependent spouses included insured occupation, dependent gender, dependent age, dependent comorbidity, catastrophic illness and injury of dependent, and region (all p<0.05).
The results of the couple-level propensity-matched analysis are presented in tables 4 and 5. The prevalence rates of concordant affective disorders, anxiety disorders and other mental disorders were significantly higher in couples than in noncouples ( 
DISCUSSION High aggregation of mental disorders
The literature indicates the phenomenon of family clustering of mental disorders. 2 4 8 On this basis, this study initially conducted a 2×2 χ 2 test for the association between the mental disorder status of insured spouses and that of dependent spouses. Consequently, the aggregation of mental disorders and that of no mental disorders in couples were both determined (37.53% and 19.97%, respectively). The annual prevalence of psychiatric disorders in the entire population of Taiwan increased from 7.68% in 2002 to 10.54% in 2013. 33 Compared with the prevalence of 33.90% (2002-2013) at the individual level, the finding that aggregate mental disorders reached the prevalence of 19.97% at the couple level warrants further attention. This high aggregation can be explained by the aforementioned cohabitation effects and emotional contagion. Predisposition similarity and familial resources for stress coping 34 may denote whether psychiatric diseases will aggregate in a couple. Accordingly, the occurrence of mental disorders in a spouse can predict the mental disorder status in the partner. Previous studies have revealed the crucial role of family in coping with the mental illness of a family member, 35 because a family with a psychiatric patient may not seek outside help. 36 Although being the most critical stress-coping resource, an informal carer of a family would experience a substantial adaptation process of personal change concerning his or her role in social and cultural contexts. 37 The familial context in which the first spouse with mental disorders resides is inextricably interconnected with the psychological well-being of the second spouse. Therefore, a higher risk of aggregation of mental disorders emerges in couples. Furthermore, mental illness in one spouse eliciting psychological predicaments in the other spouse can be examined using the stress process model. 34 When a spouse is mentally ill, the partner assumes the role of an informal carer who may undergo primary and secondary stressors. Primary stressors pertain to the direct experiences from the illness, including the perception of role captivity in the carer. When chronical stress perforates into other areas of the carer's family and work life, secondary stressors emerge and affect the well-being of the carer. 14 38 Furthermore, a longitudinal study revealed that the association between depressive symptoms of husbands and the subsequent depressive symptoms of wives was stronger among couples reporting marital distress compared with those reporting higher marital satisfaction. 17 Briefly, mental disorders are costly and debilitating for ill and healthy spouses. 39 Therefore, the coping strategies of an informal carer and formal social support outside the family are pivotal to the mental health concerns in couples. 18 36 37 Releasing the care burden imposed on the healthy spouse is key in the intervention to prevent the new development of psychiatric morbidity and to provide the mentally ill spouse an opportunity to recover in a supportive family environment. 5 
Phenomenon of parallel contagion
This study identified three concordant categories of mental disorders in married couples. The highlighted cells in table 2 present the row percentages of concordance for each category, including no mental disorders, affective disorders, anxiety disorders and other mental disorders. Table 3 further provides the adjusted ORs for the three concordances in a manner mirroring the findings presented in table 2. An additional analysis was performed using mental disorder status of dependent spouses as the independent variable and that of insured spouses as the outcome variable. This analysis which swapped the two major dependent and independent variables substantially generated same results (data not shown). Insured and dependent spouses were most likely to experience a concordant category of mental disorders among the three categories. If one spouse was diagnosed with affective disorders, the other spouse would most likely undergo affective disorders correspondingly. If one spouse experienced anxiety disorders, the same type of disease might occur in the other spouse. The phenomenon coherently applied to other mental disorders. This particular finding, further confirmed strongly in the matched case-control analysis, was named the phenomenon of parallel contagion, an empirical derivative from the theory of emotional contagion. 14 Signalling the concordance in mental illness, parallel contagion justifies the necessity of epidemiological prevention, particularly for the same type of mental disorders in couples. Notably, the contagion identified is not exclusive of different categories of mental disorders. Dependent spouses were also more likely to undergo affective disorders even if insured spouses were diagnosed with anxiety disorders (OR=1.770); a strong association was observed between anxiety disorders in insured spouses and other mental disorders in dependent spouses (OR=1.481). Although the association between the categories of mental disorders among insured spouses and those of dependent spouses could be nonparallel (discordant), the phenomenon of parallel contagion is evident and thus delivers essential clinical implications. Future research is required to explore the concordance within other categories of mental disorders in couples.
Other characteristics predicting risk
Soldiers, social security insureds and veterans were closely related to higher odds of anxiety and other mental disorders, and this finding echoes the findings of previous studies. 40 41 As the possibility of two spouses of a household sharing common occupational stress is high, 42 the occupation of insured spouses is a determinant of the category of mental disorders among dependent spouses.
The present study has certain limitations that should be addressed. First, the secondary data used did not include information on health behaviour and perceived stress; therefore, the absence of such information might attenuate the statistical testing power. Nevertheless, this study fully used all obtainable data for analysis. Second, the actual length of marriage and cohabitation could not be ascertained from the NHIRD, thus limiting further analysis in this study. Finally, spouses who could be identified from the database were limited to the insureddependent relationship. The study findings must be cautiously extrapolated to all other scenarios.
CONCLUSION
This study demonstrates that shared environmental factors contribute to the development of mental diseases in couples. When one spouse is diagnosed with mental disorders, the other spouse is at risk of mental illness. A family clustering of mental disorders was further determined to demonstrate the phenomenon of parallel contagion. The concordance of mental disorders in couples was identified in the aggregation form of affectiveaffective, anxiety-anxiety and other-other disorders. Although different from conventional contagion in epidemiology, the phenomenon of parallel contagion substantially carries clinical implications in developing the prospective direction of family- What this study adds?
▸ The prevalence rates for concordant categories of mental disorder are 0.19% for affective disorders, 6.96% for anxiety disorders and 3.15% of other mental disorders. ▸ Two spouses are significantly likely to be diagnosed with the same category of mental disorders including affective, anxiety and other disorders. ▸ Other associated factors include age, occupation, comorbidity and region. ▸ This study proposes 'the phenomenon of parallel contagion'.
A category of mental disorder in one spouse is a determinant of that in the other spouse.
based mental health practice. Establishing an external support system toward mentally vulnerable family members is a policy priority. Policymakers should target spouses whose married partners were mentally ill by using the risk factors identified by this study for preventing mental disorders, particularly the same category of mental disorders.
